Our study investigates the possible drivers of recombination hotspots in Theobroma cacao 11 using ten recently diverged populations. This constitutes the first time that recombination 12 rates from more than two populations of the same species have been compared, providing a 13 novel view of recombination at the population-divergence time-scale. For each population, 14 a fine-scale recombination map was generated using a method based on linkage disequi-15 librium (LD). They revealed higher recombination rates in a domesticated population and 16 a population that has undergone a recent bottleneck. We address whether the pattern of 17 recombination rate variation along the chromosome is sensitive to the uncertainty in the per-18 site estimates. We find that uncertainty, as assessed from the Markov chain Monte Carlo 19 iterations is orders of magnitude smaller than the scale of variation of the recombination 20 rates genome-wide. We inferred hotspots of recombination for each population and find that 21 the genomic locations of these hotspots correlate with genetic divergence between popula-22 tions (F ST ). The large majority of inferred hotspots are not shared between populations 23 (55.5%). We developed novel randomization approaches for the generation of appropriate 24 null models to understand the association between hotspots of recombination and both DNA 25 sequence motifs and genomic features. Hotspot regions contained fewer known retroelement 26 sequences than expected, and were overrepresented near transcription start and termination 27 sites. Indicating that recombination hotspots are evolving in a way that is consistent with 28 genetic divergence, but are also preferentially driven to regions of the genome that contain 29 specific features.
Introduction
along the genome (Auton and McVean, 2007) . Studies in a wide range of species have shown 48 that recombination rates are not uniform along the genome and general patterns of variation Despite recombination rates for eight of the ten populations being of the same order 284 of magnitude, pairwise comparisons of average rates indicated that most populations have 285 a significantly different rate of recombination from the others. The only exception were 286 Nacional and Nanay whose average rates were not significantly different from each other.
287
These two populations, however, are not more closely related to each other than they are 288 to other populations, based on sequence divergence (Cornejo et al., 2018). We interpret 289 this result as suggestive that their similarity is not due to genetic similarity, but some other 290 factors, e.g. epigenetics.
291
The likelihood of detecting Hotspots of recombination in the genome will likely be af-292 fected by the amount uncertainty in the estimates of recombination site-wise and region-wise.
293
Yet, we have been unable to identify any study where the magnitude of the uncertainty in 294 the estimates of recombination are assessed to address this issue. We have performed careful 295 comparisons and assessed the magnitude of the uncertainty in the estimation of recombi-296 nation rates to show that this uncertainty is several orders of magnitude smaller than the 297 variation in recombination rates across the genome (table 6) . If the length of the chains had 298 been maintained at 40MM generations, this would have increased the uncertainty in local 299 estimates making our assessment of rate variation along the genome more challenging. Similarly to recombination rates, the location of recombination hotspots can be very 304 informative to questions of divergence between populations. Understanding the pattern and 305 rate of change of recombination hotspots at the population level can elucidate their role in 306 shaping genome architecture, impacting how effectively selection operates (Felsenstein, 1974) . 307 We found that a large proportion (55.5%) of hotspots are unique to a single population, which 308 can be seen as an indicator that the turnover rate for hotspots is faster than the time it took 309 the 10 populations to diverge. This variability of hotspot location between populations 310 points to demographic history not being the main driver of recombination hotspot location.
311
However, the hotspots tend to appear in similar regions, as demonstrated by the Fisher's 312 exact tests (table 2) . This dichotomy can be explained by considering that the proportion 313 of the genome occupied by recombination hotspots is very low, so even a small proportion of 314 hotspots from two different populations being in the same region is enough for the Fisher's 315 exact test to recognize them as significantly similar. This small but significant similarity 316 can occur by recombination being limited in its possible positioning along the genome, but 317 not to the point of forcing hotspots to occur consistently in the same locations, and thus 318 maintaining some level of stochasticity.
319
Given the significant proportion of overlapping hotspots between populations, it was still 320 important to explore whether the similarities can be explained by shared genetic history. If 321 demographic history explained the evolution of hotspot location, it would be expected that 322 more closely related populations would have a higher percent of overlapped hotspots. A 323 significant relationship was found between population differentiation (F ST ) and the differ-324 entiation between populations based on shared hotspots (Mantel test, r = 0.66, p = 0.002).
325
The comparison between the hotspot correlation matrix and the genetic covariance matrix 326 supports what was found when comparing the hotspot correlation matrix to the F ST matrix. 327 One caveat is that the first genetic eigenvector, which separated Criollo from the other pop-328 ulations, was not correlated with the first hotspot correlation eigenvector, indicating that 329 Criollo's domestication generated a genetic pattern that deviates from the pattern of shared 330 hotspots. This indicates that, to some extent, the genetic differentiation and the location 331 of hotspots are mirroring each other, which could be due to recombination hotspots being a 332 product of the shared history between the populations. However, since recombination rates 333 were estimated using a coalescent-based method, we expect historical relationships to be 334 represented in our findings. We also transformed the information of hotspot overlap to allow 335 for the modeling of hotspots as traits along a population tree. Our results, showing that a Brownian motion model (AIC=79.4) better fits the data than a model with stabilizing 
352
One conclusion that follows from these results is that, while shared recombination hotspots 353 can to some extent be explained by patterns of genetic differentiation, some of the sharing 354 can simply be due to a tendency for hotspots to arise in similar locations. It has been ob- and simulation work should be done in order to better understand the implications of the rapidly changing recombination hotspots in adaptive dynamics. We also show that there is nucleotide polymorphisms (SNPs) were retained and were exported in LDhat format.
439
In order to estimate recombination rates we used the interval routine of LDhat (Auton The N e that was used for the transformation is also reported for each population, as are the lower and upper bounds of a 95% confidence interval for r/kb.
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Population Ame Con Cri Cur Gui Iqu Mar Nac Nan
<3e-06 <1e-37 <7e-07 <4e-20 -----Iquitos <4e-08 <6e-87 <2e-11 <3e-16 <2e-29 ----Maranon <6e-13 <7e-77 <2e-11 <2e-20 <5e-33 <4e-64 ---Nacional 0.0015 <2e-43 0.0212 <7e-14 <3e-06 <6e-14 <3e-13 --Nanay 0.0004 <2e-44 <9e-11 <4e-16 <2e-21 <3e-39 <2e-38 <9e-06 -Purus 0.1782 <4e-117 <2e-05 <2e-29 <1e-33 <2e-39 <8e-43 <6e-27 <2e-21 
